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Attempts to inastire cereliral blood flow by means of 
tile nitrous oxide tecliiiique (4) tluring sleep were made 
iii approsiniately iirty, healthy, young. male volunteers 
varying ill age from 17 to 36 years. In order to facili- 
tate the incluction d sleep under the conditions o i  the 
study, tlle subjects liad rcmainetl atzake for a period of 
approximately 20 hours, or about six liours Ioeyotid their 
normal bed-time, prior to tlie study. They are, therefore, 
referred to as “fatigued.” Except for making the sub- 
j ccts as comfortahle as tlie procedure \\ ould allow, no 
drugs or other special metliods lor inducing sleep were 
employed. The studies were performed in the early 
rnorniiig hours, most oitrn Ixt\veeti 4 and 6 A.hl., when 
the tendency to fall asleep after a prolongccl period of 
\\akeiulness is generally greatest ( 2 ) .  I n  most cases 
the sulojects I d  lmxi iasting lor several liours; a few 
liad eaten a liglit nieul aplirci.;imatcl)-ii~itcl~- tivo liours Iirior 
to the study. 

J n  each study the subject \vas placed in the supine 
position, the needles were iiiscrtctl in the internal jugu- 
lar bull) rind the fernoral artery, needle electrodes for 
EEG recordiiig- \rere placed iu tlie scalp, and a inask \vas 
strappet1 ou the face. The siilijcct mas tlien perniitted to 
rest in tliis position for about thirty minutes to permit 
any  liliysical and emotional tlisturliances attending tile in- 
trotluction of the needles to suhsitlc. At tliis poitit tlie 
first or control hlood flow tlctcrminaticin ivas periornied. 
The room was then darkened :mtl quictcd, arid the sub- 
ject, still in the same position, \vas given an opportunity 
to iall asleep. Ihiring this period the siihject was usu- 
ally permitted to heatlie rooiii air tlirougli a valve coli- 
nectccl to the mask. In a fc\v cases coiiiliressetl air \vas 
ietl from a tank into the inask tlirough a reducing valve 
i n  an effort to minimize tlie waking effect of tlie gas flow 

vciatctl ith the nitrous oxide procedure. The state 
I> wakeiulness or sleep was followed by means of con- 
tinuous I i t rG rccortlings in the adjacent roo111 from the 
four to eight scalp electrotlcs previously inserted. These 
recordings \yere made continuously tliroughout the study 
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tlie Evelyn photometer according to a modification of the 
method of I<velyii and Alalloq- ( 7 ) .  hfeasurernents of 
Illood pH \rere made aiicrohically a t  room temperature by 
means of a glass electrode and Cambridge potentiometer 
and corrected to 37" C:. by tlie factors o f  liosentlial (8). 
Cerebral oxygen consiiniption, cerebral vascular re- 
sistance, and cerebral respiratory quotient were calcu- 
lated as previously dcsci-ibed (4) . Blood carbon diositle 
tciisiuii \vas cuniptitetl I J Y  iiieatis of the riornograrns of 
Peters aii t l  VXI Slylic ( 9 ) .  

RESULTS 

I n  'Tablei 1-1 ant1 113 are lirescnted the data ob- 
tained in the six subjects on \\ horn coniplete sleep 
a t d i e s  could lie rnatle. The results oljtainetl iri 
the cunsecutivc fatigued control studies in 13 
sulJjects are presented in Taljles IIA and IIE.  

1 t is apparent that tluring sleep cerebral I~lood 
flon (CI3F) is iiicreaietl, rising from 59 (luring 
the control \late to 05 cc. per IO0 g. per mixi. dur- 
ing \Tcep (1) < 0 01 ) \\ hilc no such itatistically 
significant clinngc in Cl3f; \vas i omt l  in the con- 
secutiLe fatigued controli. The rise in CUF oc- 
curred i n  4eep despite a significant fall in iiiean ar- 
terial 1)lootl pressure ( M A U P )  from 94 mii. Flg 
to 90 iiiiii. IIg (p < 0.05). The series of consecu- 
tive studies on fatigued 1)ut n\vnl\e subjects showed 
:I iigiiilicant Iilootl preibure change in quite the 011- 
poiite tlircction, rising from a illcan of 90 iiiin. Hg 
111 the hr \ t  to (16 111111. IIg in the secolltl determiiia- 
ticm ( p < 0 01). This systematic change in MAUP 
I)et\\ eeii t \ \ o  consecutive control dcterminations 
docs not e\plaiii, however, tlie decrease found in 
sleep siiicc the >lee11 series \vas a mixed one, sleep 
miletimes occurring in the fir\t h i t  more often 



E. R. 21 66 7 3  74 79 85 3.8 5 .  1 4.80 6.01 1 .0 0.9 0.83 0.96 
i i .  A I .  28 .z n 107 95 45 48 2.6 2.3 5.70 1.75 2. ?I 2 . 0  0.94 0.86 
s. \\-. 2.3 2 3 95 01 67 - I 2  3.6 3.4 5 . ~ 3 5  4.75 1 .4 1 .,< 0.81 0.86 
1’. 0. 2.i 4-7 00 96 51  6 t  3.5 3.1 6.51 5.12 1.8 1.7 0.03 1.03 

42 97 95 53 .56 3.6 2.8 6.75 0.00 1 .8 1.5 1.18 1.00 
1.04 1.0-1- 

H. 1;. 26 
31cIi. 25 3 3 88 87 5 i 68 1.0 3 .8 6.94 S . 3 2  1.5 1 . j  - _  

l i C C l l 1  24.3 44 94.2 80.7 59.2 65.0 3.52 3.42 6.01 S .37  1.6.1 1.4.; 0.96 0.96 
Stand. Error 1 1 . 0 2  =k6 h 3 . 9  zt3.4 i 4 . 9  r t 5 . . i  i 0 . 2 0  i 0 . 3 9  i0.~35 +0.24 1 0 . 1 8  i 0 . l - 5  *l).Oh 10.0.3 
P: - - <0.05 < 0.0 1 >0.i  >0.1 < 0.0 1 > 0.0 

Hemoglobin 
coriceiitratioii 

G m .  (; 

Blood 0 2  content 
1 01. (7 

.\rterial Int .  jugular 

C S C S 
__-__ 

Blood COz content 
t’d. 1;; I3lood 1’13 

Iiit. jugiilar Arterial 
- 

Arterial Int. jugiilar 

C S C S C S C S 

E. I< .  14.43 14.55 18.00 1Y.58 14.10 13.57 47.06 46.83 51.04 52.62 7.31 7 . D  7.24 7.27 
R. A I .  15.06 15.06 19.09 19.28 13.39 14.53 45.22 45.81 50.55 49.87 7.4~3 7.40 7.36 7 . M  
s. I\-. 11.25 14.43 19.81 10.07 11.16 l j . 2 2  50.31 51.28 54.65 55.38 1 . 3 3  7.31  7.30 7.30 

40.70 49.1 5 55. 78  .54.3 7 7 . ~ 3 5  i..3G 7.31 7 . 2 9  18.70 18.78 12.10 1.3.66 
52.14 54.6,Z 60.13 00.62 7..15 7.35 7.31 7.31 
51.67 51.28 58.86 57.10 7.35 7.38 7.3.3 7.36 

1’. 0. 13.95 14.-$.1 
H .  li. 14.94 14.86 
I l c l i .  13.16 12.81 

2098 20 58 14.21 14.58 
1001 1838 1207 12 73 

RIeari 14.30 14.36 
StLiiitl. Error 1 0 . 2 8  1 0 . 3 3  
pr >0.6 



TABLE rIA.-Cerebral circulation and metabolism in consecutive control determinations in normal fatigued but awake subjects 

CVK 
MXBP CBF CMKo? mm. H R  Cerebral 
mn. H g  cc. / lOO g . / m i n .  cc. Or/ lOO ,q./min. cc./ lOO n. / rnin .  K.Q. 

- Interval 
Subject Age Min.  I* I I t  1 I1 I I1 I I1 I I1 I I1 

J. R. 27  110 86 97 63 66 3.0 2.9 4.70 4.37 1.4 1.5 0.74 1.10 
0.98 1.04 A. A. 24 80 90 94 48 50 2.6 2.8 5.52 5.55 1.9 1.9 

G. &I. 22 70 82 86 54 5.3 3.0 3.3 5.63 6.28 1.5 1.6 0.98 0.94 
I<. 0. 25 49 100 103 49 41 3.6 2.9 7.31 7.01 2.0 2.5 1.08 1.11 
H. R. 24 120 81 102 52 48 4.0 3.3 7.62 6.86 1.6 2.1 0.95 0.99 
J.  D. 28  103 102 104 88 62 3.9 3.7 4.48 6.02 0.9 1.6 0.87 0.98 s. c. 19 125 87 89 56 68 3.7 3.4 6.57 4.77 1.6 1.3 0.86 1.15 
T. F. 23 50 95 94 41 3;  3.4 2.9 8.27 7.95 2.3 2.5 1.00 0.86 
R. W. 22 8 3 88 100 7 i  74 .z.x .z.x 4-96 5.19 _ _  
W. O'D. 18 45 109 110 100 78 5.2 4.3 5.23 5.46 
J. W. D. 29 120 80 86 61 57 2.8 4.2 4.66 7.47 
P. T. 24 100 89 89 88 78 4.9 4.5 5.64 5.71 

1.1 1.4 1.00 1.08 
1.1 1.4 0.98 1.04 

0.81 0.94 1.3 1.5 
1.0 1.1 1.05 1.00 

L. B. 22 90 83 94 66 68 3.6 3.8 5.45 5.65 1.3 1.4 0.82 0.98 

Mean 23.6 88 90.2 96.0 64.8 60.0 3.65 3.52 5.83 6.02 1.46 1.68 0.93 1.02 
Stand. Error &0.9 1 8  rt2.5 rt2.1 f 5 . 3  1.3.8 1.0.21 1.0.16 1 0 . 3 4  rt0.29 rt0.12 rto 12 rt0.03 1.0.02 
P t  - - <0.01 >0.1 >0.4 >0.5 -0.01 <0.05 

* I-First control. t 11-Second consecutive control. Determined by method of paired comparison. 

TABLE IIB.-BIood constituents i n  consecutiae control determinations in  normal fatigued but awake subjects 

Blood 01 content Blood Cor content Blood CO2 tension 
Hemoglobin V O I .  yo V O I .  ro Blood pII m m . H g  

concentration 
Gm. 70 Arterial Int .  jugular Arterial Int. jugular Arterial Int .  jugular Arterial Int. jugular 

Subject I* I I t  I I1 I I1 I I1 I I1 I I1 I I1 I I1 I I 1  

J R. 13.65 14.03 18.18 19.09 13.48 14.72 49.25 19.25 57.73 54.03 7.36 7.38 7.34 7.32 45 44 54 54 
A. A. 13.48 13.39 18.56 18.57 13.04 13.02 49.78 49.42 55.17 55.20 7.46 7.47 7.41 7.36 37 37 45 50 
G. n1. 13.48 13.48 18.60 19.20 12 97 12.92 50.24 51..?4 55.74 57.23 7.44 7.43 7.38 7.36 39 40 49 52 
R. 0. 15.08 15.29 20.89 20.88 13.58 13.87 44 22  46.04 52.05 53.81 7.37 7.37 7.34 7.31 40 42 50 51 
H. I<. 13.73 14.03 19.50 19.08 12.64 11.46 46.20 41.73 52.73 51.82 7.42 7.40 2.36 2.36 38 38 48 48 
J .  D. 14.75 14.66 20.23 20.49 15.75 14.47 19.06 47.71 52.94 53.59 7.40 7.40 4.35 1.36 42 41 49 49 
s. c. 15.08 14.66 19.85 18.95 13.28 13.98 48.25 47.86 53.89 53.57 7.39 7.34 7.34 7.32 41 46 52 53 
T. F. 16.14 16.27 22.31 22.13 11.04 14.18 47.28 46.78 55.56 53.62 7.40 7.39 7.36 7.33 42 42 53 53 
R .  W. 12.55 12.72 17.58 18.06 12.62 12.96 47.84 46.95 52.81 52.33 7.18 7..38 7.47 7.38 34 41 38 45 
\T. O'D. 13.10 13.27 17.89 18.28 12.66 12.82 49.22 48.80 54.35 54.56 7.42 7.41 7.38 7.40 40 40 47 46 
J. u'. D. 14.21 14.24 19.65 19.47 11.99 12.00 52.35 19.87 56.24 56.74 7.31 7.36 7.33 7.31 51 46 56 56 
P. T. 13.10 13.48 18.18 18.31 12.54 12.60 49.25 49.57 55.17 55.27 7.4.1 7.44 7.36 7.33 39 39 50 54 
L. B. 13.65 13.86 18.79 19.27 13.34 13.62 45.83 46.56 50.32 52.09 7.35 7.33 7.28 7.30 43 46 52 52 

hlean 14.00 14.11 19.25 19.37 13.46 13.28 48.37 48.07 54.21 54.14 7.41 7.39 7.36 7.34 40.9 41.7 49.5 51.0 
Stand.Error 1 0 . 2 8  f 0 . 2 6  1 0 . 3 7  rt0.32 +0.27 rt0.27 rt0.59 +OS1 1 0 . 5 6  1.0.46 ~ ~ ~ 0 . 0 1  1 0 . 0 1  f 0 . 0 1  1 0 . 0 1  5 1 . 2  rtO.8 r t l . 3  f 0 . 9  
P I  >0.1 >0.3 >0.5 >0.3 >0.8 -0.2 >0.05 >0.3 <0.05 

vi 
0 

L- 
O a a 

2 

0 
0 

* I-First control. t 11-Second consecutive control. 1 Determined by method of paired comparison. 



TABLE 111 

Comparison between normal rested and normal fatigued young nzen 

Blood CO? 
Blood 0 5  content Blood COzocpntent tension 

H b  Vol. 7; Vol. ,o Blood pII mm. Hg 
C B F  ChlKO? CVR concen- 

Subjrct Age mm. H E  mtjt. 100 ~ . / V I ; X .  I’d. % cc.,’lOO c.;niiii. K.Q. Gm. E> 
hlAHP rc./l?O E . :  cc, 02/ (A-V)m Cerebral tration Arte- Int .  Art?. Int .  Arte- Int. rlrte- Int. 

rial jugular rial jugular rial jugular rial jugular 
- __ 

Kormal rested controls-11 cases 

LV. c. 24 0.5 49 2.8 5.74 1.9 0.75 13.43 18.49 12.75 48.59 52.92 7.42 7.37 40 48 

R. C .  20 78 74 3.8 5.19 1.1 0.95 12.72 16.28 11.09 51.01 55.92 7.40 7.36 43 51 
H. I<. 20 88 42 2.2 5.25 2.1 0.84 13.85 19.61 14.36 48.66 53.09 7.44 7..19 38 46 

J . D . G .  22  91 80 3.8 4.77 1.1 1.08 13.94 1Y.29 14.52 49.20 54.36 7.41 7.35 41 51 
E .L.  23 87 60 4.0 6.62 1.5 0.89 13.73 20.07 13.45 49.65 55.51 7.40 7.36 42 51 
T. C. 24 88 49 2.9 5.97 1.8 0.84 12.18 17.12 11.15 4 6 . 5 5 5 1 . 5 8  2.45 7.39 3.5 44 
I,. M. 25 78 35 3.2 9.29 2.2 0.97 15.15 20.5.1 11.24 45.09 53.15 ~ 1.37 7.30 41 55 
A. MCC. 22 85 50 2.7 5.36 1.7 1.03 16.90 21.16 15.80 43.42 48.92 i .33 7.28 43 57 

54 4.3 7.89 1.6 0.92 15.08 19.56 11.67 43.90 51.19 7.34 7.28 42 56 D. F. 19 85 
L. H. 19 83 69 4.5 6.51 1.2 0.91 16.16 19.88 13.37 48.37 54.29 7.35 7.30 46 57 

hlean 21.8 86.5 54.8 3.34 6.25 1.68 0.92 14.57 19.44 13.20 47.45 53.11 7.39 7.34 41.3 51.6 
S.E. 10 .63  1 1 . 7  1 4 . 3  1 0 . 2 3  f0.40 1 0 . 1 3  1 0 . 0 3  1 0 . 5 0  1 0 . 4 9  =t0.53 1 0 . 7 3  1 0 . 6 0  fO.O1 1 0 . 0 1  +0.9 1 1 . 3  

N.Y.  22  93 41 2.5 6.11 2.3 0.95 17.16 21.86 15.75 47.53 5.3.31 7.39 7.35 43 52 

ATornzal fatigiced controls-25 cases 

hI. s. 
J. F. 
T. I. 
A. P. H. 
s. D. s. s. I<. 
J .  Fr. 
P. K. 
H. I<. 
E. R. s. w. 
R. hl. 
J. R. 
A. A. 
G. ICI. 
R. 0. 
H.  R. 
J. D. 
s. c. 
1. F. 
R. LV. 
IV. O’D. 
J. w. D. 
P. T. 
L. B. 

36 95 70 5.0 7.15 1.4 1.07 14.23 20.20 13.08 49.19 56.83 7.38 7.32 44 57 

17  89 70 3.2 4.56 1.3 0.82 12.35 18.13 13.57 50.06 53.99 7.40 7.38 42 47 
22 81 60 4.4 7.24 1.4 0.96 13.86 19.10 11.86 42.67 49.60 7.35 7.32 40 49 
34 98 57 3.7 6.45 1.7 0.96 13.65 18.86 12.41 44.96 51.15 7.31 7.27 45 56 

0.94 12.35 17.00 11.31 48.29 53.61 7.41 7.34 39 50 26 79 74 4.2 5.69 1.0 
22 83 62 3.4 5.59 1.3 0.95 13.89 18.80 13.21 52.28 57.57 
26 97 53 3.6 6.75 1.8 1.18 14.53 20.98 14.23 52.14 60.13 7.35 7.31 49 60 
21 79 79 3.8 4.80 1 .o 0.83 14.03 18.90 14.10 47.06 51.04 7.31 7.24 47 60 
23 95 67 3.6 5.35 1.4 0.81 13.86 19.81 14.46 50.31 54.65 7.33 7.30 49 56 
28 107 45 2.6 5.70 2.3 0.94 15.09 19.09 13.39 45.22 50.55 7.43 7.36 3 7  46 

24 90 48 2.6 5.52 1.9 0.98 13.48 18.56 13.04 49.78 55.17 7.46 7.41 37 45 
22 82 54 3.0 5.63 1.5 0.98 13.48 18.60 12.97 50.24 55.74 7.44 7.38 39 49 
25 100 49 3.6 7.31 2.0 1.08 15.08 20.89 13.58 44.22 52.05 7.37 7.34 40 50 
24 81 52 4.0 7.62 1.6 0.95 13.73 19.50 12.64 46.20 52.73 7.42 7.36 38 48 
28 102 88 3.9 4.48 0.9 0.87 14.75 20.23 15.75 49.06 52.94 7.40 7.35 42 49 
19 87 56 3.7 6.57 1.6 0.86 15.08 19.85 13.28 48.25 53.89 7.39 7.34 41 52 
2 3 95 41 3.4 8.27 2.3 1.00 16.14 22.31 14.04 47.28 55.56 7.40 7.36 42 53 
22 88 77 3.8 4.96 1.1 1.00 12.55 17.58 12.62 47.84 52.81 7.48 7.47 34 38 
18 109 100 5.2 5.23 1.1 0.98 13.10 17.89 12.66 49.22 54.35 7.42 7.38 40 47 
29 80 61 2.8 4.66 1.3 0.81 14.24 19.65 14.99 52.35 56.24 7.34 2.33 51 56 

22 8 3 66 3.6 5.45 1.3 0.82 13.65 18.79 13.34 45.83 50..32 7.35 7.28 43 52 

25 107 56 4.2 7.45 1.9 0.91 13.48 19.38 11.93 51.23 58.02 7.39 7.37 44 53 
24 90 60 3.4 5.60 1.5 0.90 13.10 18.92 13.32 48.12 53.27 7.44 7.33 38 52 

- - - _  

27 86 63 3.0 4.70 1.4 0.74 13.65 18.18 13.48 49.25 57.73 7.36 7.34 45 54 

24 89 88 4.9 5.64 1 .o 1.05 13.10 1 8 . 1 8 1 2 . 5 4  49 .2555.17  7.43 1.36 39 50 

1.48 0.94 13.86 19.18 13.27 48.41 54.20 7.39 7.34 41.9 51.2 hlean 24.4 90.9 63.8 3.70 5.94 
S.E. 1 0 . 9  f l . 9  f2 .0  i 0 . 1 4  10 .22  1 0 . 0 8  10 .02  1 0 . 1 8  1 0 . 2 3  1 0 . 1 9  1-0.51 i 0 . 5 4  1 0 . 0 1  1 0 . 0 1  f 0 . 9  5 1 . 0  
P* >0.05 >0.1 >0.05 >0.1 >0.3 >0.1 >0.6 >0.1 >0.5 >O.S -0.3 >0.2 >0.9 >0.8 >0.6 >0.8 

* I)etermined hy method of significance of difference between two nieans. 



in the secolid of the two determinations. It seems 
u arr;tntctl to coiiclude that the tlecreased MABP 
is a,sciciatetl v ith the phenoiiienon of sleep. The  
elevation of the blootl pressure in the second of 
the consecutil e controls was pro1)aI)ly the result 
o f  the grmiing disconifort o n  the part of the sub- 
ject from 1) iiig in the same position for a pro- 
Iongctl period. 

Since CUI; increnactl despite a decreased 
hlL1111’, cerebral vascular resistance (CVII) must 
h ; tx  e fallcn in sleep, ; t i  indicated in the change in 
it\ calculated value ironi 1 .6 in the control deter- 
niiii:itioiis to 1.5 iiiiii .  Hg per cc. per 100 g. per 
inin. diiring sleep ( p  < 0.01 ) .  O n  the other 
hantl, C V l i  rose from a mean of 1.5 in the first to 
1.7 iiini. l l g  per cc. per 100 g. per min. in the sec- 
ond of the consecutive control deteriiiiiiations 
(1) + 0.01). The  fall in CVR observed in sleep 
is prcrhalily associated v, ith the phenomenon of 
slecp antl, for the same reasons discussed in rela- 
tion to the ;\[ABl’, cannot be explained simply by 
the systematic differelice in CVR found to exist 
betwccn t n o  consecutive control determinations. 

Cerelral arterial-veiious oxygen difference antl 
cere1)ral 0x4 gen consuriiption ( CMlio2 ) showed no 
sigriiiicant changes in either the deep or the con- 
secutiLe control studies. Cereliral 1:. (,>. did not 
change in sleep, but tlie mean d u e ,  1.02, ill the 
secoii(1 of the consectitive control deterininations 
sigtiificaiitlp exceeded the nieaii value, 0.93, ob- 
tainttl in the first deterinination (1, < 0.05), a 
iintiiiig for m Iiich no re;tsonal)le explanation is at  
hantl. .\rtcrial heniogloliin concentrations, ar-  
terial antl cerebral vetioti\ oxygen and carbon di- 
o\itle c(Jllte11tS and pT I did not changc significantly 
i n  t ithcr groiip. .\rterial antl intrrnal jugular 
c m  1)oii dioxide ten5ions (pC0 , )  were not sig- 
iiific;iiitly :dteretl Iiy sleep although it is intercst- 
iiig :tiid pos~il)ly significant to note that these ~ 7 a l -  
ues \I ere apprecia1)ly higher in the sleep group, 
even i r i  their control state. than in the fatigued 
group \f hich could not sleep during the studies 
(11 < 0.05 antl p < 0.02, respectively). Sinii- 
Iarly, the incan \dI les  for arterial and internal 
j tigular bk~od  1113 were sigriificaritly lower in both 
tletcrniiriations of the sleep group than in the 
fxtigutd group which failed to sleep (p  < 0.05, 
respecti\. ely ) . T n  the consecutive control studies 
arterial p C 0 ,  reniainetl unchanged, Imt the mean 
value of cerebral venous pCO,, 51 nini. Hg, in 

the second tletermiiiation significantly exceeded 
the iiiem value, 50 m i l .  Ilg, in tlie first deterniina- 
tion (p < 0 OS). This finding is probably re- 
h t c d  to the tendency for the CBF to decrease in 
the second deteriiiiriatioti. 

In  Table 111, comp:trison is made between the 
results obtained in 25 a\\ ake ljut “fatigued” nor- 
iiial young iiicii and those ol)served in 11 normal 
restctl 5 ouiig meti studied similarly by the same 
group of inr estigators. Tl ie  values obtained in 
the rested sul)jccts q r e e  closely with those previ- 
ously reported by Kety and Schmidt ( A ) .  These 
data arc tal\cn from tlie control valIle5 of various 
exl)eriiiicntal IJroce(1tires provitlctl that the con- 
trol deterniinations \\ ere made first. Thus the 
fatigued group includes also the first of the con- 
secutii e control determinations in Taliles ITA and 
1113 ant1 the control vnluc~s of those sleep cases in 
Tables LI an(l 113 in \vhicli the control dctcriiiina- 
tion was first. On the Ixtsis of this comparison, 
no significant differences lietwren fatigiictl and 
rested subjects could he fount1 although the mean 
value for CHF, 64. in the fatigued group ex- 
c e e d d  the iiie:~ti value. 55 cc. per 100 g .  per ni i i i . ,  

in the rrstetl group I)y :in nnioiuit approacliing 
statistical signific;rnce (1) < 0.1 > 0.05). 

DI  S CU SSTO U 

These findings are of iiitrrrst I)ccau\e of their 
pertinence to certain thcoric\ which have Ixen ad- 
\ ancctl from time to time ton art1 ail explanation of 
the phcnonicnon of mtiirnl slrcp. A\ numher of 
these theories h a ~ e  in coinmon tlie postulate that 
slccp is associated n i th  ant1 causcd liy a diniinu- 
tion i n  the gross ntitritioii or iiicta1)olisiii of the 
1)rain. 

ntly, Douit mid Schnc~itlcr have elalw- 
r:itetl a throrp nliich ;iicril)es sleep to arterial 
ano\eiiiia and its rc.sult:tnt crrel)ral anoxia ( 10). 
0 1 1  the basis o f  a do\\ nwartl drift in the readings 
of an ear oximeter, these authors concluded that 
arterial ox) gcn s:itiiration progressively decreased 
diiring the o c c s  of falling aslccp and reached 
lexels :is low as S7 pcr cent during deep sleep. 
Tlic I:tcI\ of x i  attenipt to ccmlirm tliis surpri5ing 
result hy more direct tcchniqiies :mtl the :tl)ienc.e 
o f  simi1:tr ol)ser\ations on ncin-slccpiiiy controls 
lcaycs open the lio\siliility, 1iou.evcr. that it may 

e hccn one o f  tlw nrtifncts zonictiiiies associated 
1% ith ititlircct oximetry. Our  firitlings ( T a l k  1 1 3 )  
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that 1)oth the (I\) gen content antl hemogloliiii con- 
centration (it arterial hlootl \\ ere normal during 
tlie c(Jlltr(Jl period antl remained unaltered during 
sleep m:Ae unlil,ely any 11) potheiis mliich at- 
trilmtc s a caus:il role to arterial ano\ciiiia. 

If ticit tlic first, then certainly one of tlie earliest 
recorded theories of s k e p  attril)uted this phenome- 
non to  ;in ischcniin of the Iirain. By recording 
c1iangc.s in  intr:icr:inial \ olunie in two subjects 
\\ itli crmial defects, ;\Iosso (1) concluded that 

intetl v i th  a tlccrease in cerebral 
Tarchanoff ( 11 ) supportetl this 

rig :t Iilanching of the pial vessels 
in imppie\ 11 hen sleel) occurred. -1 large titmi- 

I i c ~  of in\ ebtigators, I~~J\vc\ er, \\ere unn1)le to cor- 
rolior,itc. the tint ling^ of IzIo~so or  found instead 
evitlcnce of cercl,ral vascular engorgement ( 12- 
16). S o n c ~  of thew o h e n  ations > ieldetl informa- 
tion on ccreliral lilootl ~ I J W  \\hich is certainly dif- 
ferent f r c ~ i i i  antl  not n rily correlated ith 
crrrl)r:il l i l o o t l  \ i ~ l i i i i i ~  q in the c a w  of Gil)lis, 
(;il)l)\% antl  I x n n o ~ ,  \ v h e  tlicrmoclcctric tech- 
nicjur \\ oultl prol):ililj have intlicatetl if it (lid not 

changes, hat1 obserl ations related 
to  ct rc l ) r J  I)locitl flow in s1cc.p Ileen made (3) .  
T l i ~ +  ;iiitliori 11 c rc unal)le to tlemonstratc any 
chctngc (luring ilecp in  the function wliich they 

t i t  itutlies shon a moderate hiit sta- 
tiktically iigiiificaiit increase in crreliral I)lootl flow 
asioci:ite(l 11 ith sl This occurred in tlie face 
of the slight Init nificant fall in arterial 1)lootl 

n in  t h e  subjects and consistently 
o l i ~ ~ r \  et1 11) niiniei c i i i i  lire\ ious inve~tigators ( 17- 
10) x i t l  \\:is the result, therefore, of a decreased 
I c-istaiicc to flci\\ wniei \  Iierci i n  the Iirnin. Sincc 
t!i(. i n t i  ‘ic rmi i l  IJre5iiire i i  usiiallq foiuitl to rise 
t l u i  i i y  \ I (  ‘1) ( 14. l:), ant1 sincc. tlic preicnt stutl- 
i c  5 (Iciiioii~tr:ite n o  cli:iiige i n  li(miciy1ol)iii concc~i- 
ti.itioii in the l i l ~ i o d ,  f:ictors of t l c  creawtl e\ternal 

n c t l  ~ i icc~s i ty  ap1)c.x to lie ruletl 
out ,  m t l  it ~ c c n i s  \\:irr:uitc(l to conclutle tliat there 
i t  :I rc Ltutiiin in ccrel)ro\ ascular tonc during 
\ I C  ( 1). I i i \  \upl)orts pi c.vioii\ ol)sc.r\ ;itions nliich 
\ i y q (  \tc t l  :i ccreliral 111 1iercniia tlnriiig sleep (12- 
16) .  ‘flic. caiise of this certl)ro\aiciil;ir WlaYati(Jl1 
rc.ni:iini o1)scure. I t  cannot I J ~  :ittril)iite(l to 
ch:ingcs in arterial o en or carl,on dioxide ten- 
sion since thcic. remained rrlativcly nnalteretl lie- 
tiveen control and sleel), nor \\as it in response to 

an increaic in ccrcllral metabolism which was also 
unaffected. 7‘he n\ually plausible hypothesis of 
a t1ecre;ise in neurogenic .i7asoconstrictor tone is 
reiidered less tena1)le by tlie failure to demonstrate 
a normal vasoconstrictor tone in the cereliral ves- 
sels of man, or at  least one mediated by the known 
sympathetic inflow to tlie head (20). 

Examiliation of tlie (lata in Table I11 reveals 
that the results in  normal rested young men were 
almost identical n itli those in the original report of 
the method (4) .  When considered as  a single 
group, the subjects \tho had remained awake for 
several hours beyond their noriiial bedtime and 
\I ere, therefore, “fatigued,” did not differ signifi- 
cantly in any respect froni the rested 4oung men. 
iliitliin the “fatigued” group, lionever, arterial 
and cerelJral veiious carlion dioxide tensions were 
sigiiificantlj higher and pH significantly lower 
in  those sulijects \tho slept than in the subjects 
~i ho ere unable to sleep under the conditions of 
tlie experiment (Taliles IB and 1113). These dif- 
ferences, intlicatire (if a mild respiratory acidosis, 
were apparelit not only tluring sleep but even dur- 
ing the control period \\hen the sleep sulijects 
were a\\ ahe. Comparable changes ha\ e been ob- 
5er1 et1 prex iously during sleep ( 2 .  21 ) ,  and iLlills 
( 2 2 )  has fouiitl elevations of alvrolar carbon diox- 
ide tenkion during the night or early morning ir- 
rcsptcti\ e of liether tlic subjects \\ere awake or  
asleep H e  atti iliutes these changes to a normal 
diurnal rhq thni in al\ eolar carlion dioxide ten- 
sion \\ hich is intlepentlcnt of sleep. Our  results 
indicate also that tlie respiratory acidosis can oc- 
cur in the :hence  of sleep and that sleep prr se 
causes little if any change in carbon dioxide ten- 
sion antl p t I  of tlic lilood, lint the) raise an inter- 
cstiiig qiiestion of \\ liether sleep can occtir in the 
abiencc ( i f  the resl)iratory :tcitlosis. I t  u:i\ this 
hiding I\ hich tlistinguishetl the subjects \\ho 
slcpt froni those ~ v l i o  could not sleep under iden- 
tical experimental conditions. Deipite the evi- 
dence of respiratory tlepresGon, no significant 
ano\eniiai \\:is oliierl et1 in these sulijects, nor 
n a s  it to be expected. illills has also observed 
i n  his stutlies ( 2 2 ) ,  t!ie degree of carlion dioxide 
retention \\as insuflicicnt to account for any ap- 
precial)le fall in  artcri;il-osygen saturation, cer- 
tainly not to the h e 1 5  on which Doust and 
Schneirler (10) I~avxl their anoxemic theory of 
sleep. 
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Another hypothesis on the nature of sleep sug- 
gests that this state is some endogenous narcosis 
associated with an overall decrease in metabolic 
activity in the central nervous system which per- 
mits the replenishinent of certain substrate stores 
presunialAy depleted by the active metabolism of 
the waking state. That  sleep is quite different 
from anesthesia or coma is clearly demonstrated 
by the data on cerebral oxygen consumption 
(Table IA) .  Whereas coma (23 ,  24) or anes- 
thesia (25) are associated with profound de- 
creases in the utilization of oxygen by the brain, 
this function in sleep is not significantly differ- 
ent from its level in the waking state. 

Thus the state of sleep should be added to a 
growing list of conditions, like schizophrenia ( 2 3 )  
and performance of mental arithmetic (26), in 
which a good correlation between energy conver- 
sion and functional activity commonly found in 
other organ systenis appears to be absent. This 
result is compatible with the current vogue of 
viewing the brain as a calculating or coinmunicat- 
ing rnechanisni which, in contradistinction to ma- 
chines which do mechanical work, utilizes by far 
the greater part of its energy requirements merely 
in keeping its circuits alive and sensitive ; the 
presence of a niessage, its functional usefulness or 
rationality adds only infinitesimally to the total 
load. Equally adequate, however, are hypothe- 
ses found more on traditional biological concepts 
than on electronic analogues. Thus, when the 
brain is considered as a great number of functional 
units, many of which niay be reciprocally related 
with regard to activity, then increased activity in 
one group of units niay result in decreased ac- 
tivity in others. Under such conditions, different 
functions could result in an altered pattern of 
distribution of the activity without measurable 
changes in the net overall oxygen consumption of 
the brain. Or, even more simply, is it not con- 
ceivable that the primitive functions of the brain, 
namely, the regulation of unconscious vegetative 
functions in the body, consume so much of the 
total cerebral oxygen requirements that they ob- 
scure the metabolic effects of the later phylo- 
genetic functions found in conscious waking be- 
havior, such as thought and reason? 

These studies have not elicited, nor were they 
designed to elicit information bearing on the more 
subtle functional, biochemical, or  electrical al- 

terations in sleep. They do, however, render un- 
tenable those hypotheses which attribute this im- 
portant phenomenon to an anoxemia, to cerebral 
ischemia, to narcosis, or to a generalized depres- 
sion in cerebral metabolism. 

SUMMARY 

1. Studies of cerehral blood flow, cerebral vas- 
cular resistance, and cerebral oxygen consump- 
tion, as well as mean arterial blood pressure, he- 
moglobin concentration, blood gases, and blood 
pH, were made before or after and during natural 
sleep in six subjects. during two consecutive de- 
terminations under identical conditions in 13 sub- 
jects, during a state of fatigue in 25 subjects, and 
also in 11 normal rested controls. 

2. The mean values obtained in the rested sub- 
jects were almost itlciitical with the original nor- 
mal values reported for the method. 

3.  The fatigued suhjects showed no differences 
from the rested controls except for an elevation 
in cerebral blood flow which approached statisti- 
cal significance. 

4. During natural sleep there ~ 7 a s  a statistically 
significant increase in cerebral blood flow, statisti- 
cally significant decreases in cerebral vascular re- 
sistance and mean arterial blood pressure, and no 
changes in cerebral oxygen consumption, hemo- 
globin concentration, and arterial oxygen content. 

5. The fatigued subjects who slept were distin- 
guished from those who were unable to sleep by 
significantly higher values of carbon dioxide ten- 
sion and lower values of pH in arterial and cere- 
bral venous bloocl even during the control period. 
These findings suggest some relationship between 
respiratory acidosis and the process of falling 
asleep. 

6. The results of these studies make less tenable 
those hypotheses which attrilntte sleep to  arterial 
anoxemia, cerebral ischemia, or to a generalized 
narcosis or other depression in cerebral metabolic 
rate. 
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